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CHAPTER 11 

PAVEMENTS 
 

11.1 GENERAL 

This Chapter provides policies, standards and criteria for developing the design of pavements.  
The pavement design is applicable to new and reconstructed pavements, overlays and other 
Resurfacing, Restoration and Rehabilitation (RRR) improvements.  Statements of FLH Policy 
are shown in bold type.  Statements regarding FLH Standard Practice are so indicated.  Where 
appropriate, relevant procedures and instructional aids are referenced. It is assumed that the 
user is knowledgeable of basic procedures and current technology. 

This Chapter is under development.  In the interim, refer to CFLHD Division procedures or 
Chapter 6, Section 6.4.4 for pavement design guidelines and requirements. 

 

http://www.cflhd.gov/design/_documents/pavement/pave_investigation_report.pdf


Pavements November 2005 
 
 

11-2 Guidance and References 

11.2 GUIDANCE AND REFERENCES 

Refer to Chapter 6, Section 6.2.4 for guidance and references on pavement design, and Section 
6.2.6. for computer programs applicable to pavement design. 
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11.3 DIVISION SUPPLEMENTS 

11.3.1 EFLHD Supplements 

Refer to the EFLH Division Supplements. 

 
11.3.2 CFLHD Supplements 

Refer to the CFLH Division Supplements. 
 
 
11.3.3 WFLHD Supplements 

Refer to the WFLH Division Supplements. 

cohendl
Underline

cohendl
Underline

cohendl
Underline


	FLH Project Development and Design Manual 
	Preface
	Table of Contents
	Chapter 1- Introduction
	1.1 - General 
	1.1.1 - Format
	1.1.2 - Revisions and Updates
	1.1.3 - Division Supplements

	1.2 - Guidance and References
	1.2.1 - Code of Federal Regulations (CFR)
	1.2.2 - Federal-Aid Program Guide (FAPG)
	1.2.3 - Federal Lands Highway Manual (FLHM)
	1.2.4 - National Interagency and Project Agreements
	1.2.5 - American Association of State Highway and Transportation
	1.2.6 - Other Guides
	1.2.7 - References

	1.3 - Land Management Agencies 
	1.3.1 - National Park Service (NPS)
	1.3.2 - Forest Service (FS)
	1.3.3 - Bureau of Indian Affairs (BIA)
	1.3.4 - US Fish and Wildlife Service (USFWS) Refuge Roads
	1.3.5 - Other Agencies


	Chapter 2 - Planning and Programming
	2.1 - General 
	2.2 - Guidance and References
	2.3 - Programs
	2.3.1 - Federal Lands Highway Program (FLHP)
	2.3.2 - Other Federal Agency Transportation Systems
	2.3.3 - Emergency Relief Federally Owned Program (ERFO)

	2.4 - Planning and Program Coordination
	2.4.1 - Interagency Agreements
	2.4.2 - Federal/State Forest Highway Tri-Agency Agreements
	2.4.3 - Federal/County Forest Highway Interagency Agreements
	2.4.4 - Forest Highway Project Agreements
	2.4.5 - Miscellaneous Interagency Agreements

	2.5 - Planning Studies and Reports
	2.5.1 - Park Roads and Parkways (PR&P) Studies
	2.5.2 - Forest Highway (FH) Studies
	2.5.3 - IRR Studies
	2.5.4 - Refuge Road Studies
	2.5.5 - Other Studies

	2.6 - Project Identification and Accounting 
	2.6.1 - Project Numbering System
	2.6.2 - Accounting Procedures

	2.7 - Division Supplements
	2.7.1 - EFLHD Supplements
	2.7.2 - CFLHD Supplements
	2.7.3 - WFLHD Supplements


	Chapter 3 - Environmental Stewardship
	3.1 - Introduction
	3.1.1 - Purpose
	3.1.2 - Applicability to Federal Lands Highway Projects
	3.1.3 - Organization
	3.1.4 - Revisions

	3.2 - Responsibilities by Program
	3.2.1 - General Environmental Compliance Responsibilities
	3.2.2 - Program-Specific Environmental Compliance Responsibilities
	3.2.3 - Other Agreements and Programs

	3.3 - Laws, Regulations, Policies, Guidance and Permits
	3.3.1 - National Environmental Policy Act of 1969
	3.3.2 - Resource-Specific Environmental Considerations
	3.3.3 - Commonly Required Permits

	3.4 - Environmental Process
	3.4.1 - Role of Environmental Streamlining in the Environmental Process
	3.4.2 - Federal Lands Highway Environmental Process

	3.5 - NEPA Documentation
	3.5.1 - NEPA Class of Action
	3.5.2 - NEPA Document Contents 
	3.5.3 - Internal Document Approvals

	3.6 - Tracking and Reporting
	3.6.1 - Environmental Document Tracking System
	3.6.2 - Wetland Impact and Mitigation Reporting
	3.6.3 - Endangered Species Act Compliance Costs
	3.6.4 - Environmental Commitments
	3.6.5 - Other Tracking

	3.7 - Division Supplements
	3.7.1 - EFLHD Supplements
	3.7.2 - CFLHD Supplements
	3.7.3 - WFLHD Supplements


	Chapter 3 - Appendix A 
	3.A.1 - Laws, Regulations, Policies, Guidance and Permits
	3.A.1.1 - Resource-Specific Environmental Considerations

	3.A.2 - NEPA Documentation
	3.A.2.1 - Categorical Exclusion
	3.A.2.2 - Environmental Assessment
	3.A.2.3 - Finding of No Significant Impact
	3.A.2.4 - Draft Environmental Impact Statement
	3.A.2.5 - Reevaluations


	Chapter 4 - Conceptual Studies and Preliminary Design
	4.1 - General
	4.2 - Guidance and References
	4.3 - Problem Definition
	4.3.1 - Identify Purpose and Need
	4.3.2 - Gathering Existing Information

	4.4 - Design Standards
	4.4.1 - Applicable Design Standards
	4.4.2 - Design Standards for Resurfacing, Restoration and Rehabilitation (RRR) Projects
	4.4.3 - Geometric Design
	4.4.4 - Design Controls
	4.4.5 - Flexibility in Highway Design
	4.4.6 - Risk Assessment

	4.5 - Preliminary Engineering Investigation
	4.5.1 - Project Scoping Investigation and Assessment
	4.5.2 - Project Scoping Report
	4.5.3 - Corridor Study

	4.6 - Project Development and Evaluation Framework
	4.6.1 - Interagency Scoping and Public Involvement
	4.6.2 - Developing a Proposed Course of Action
	4.6.3 - Development of the Project Agreement

	4.7 - Alternative Development and Evaluation
	4.7.1 - Types of Alternatives
	4.7.2 - Context Sensitive Solutions (CSS) Approaches
	4.7.3 - Development of Preliminary Engineering Concepts
	4.7.4 - Description of the Alternatives
	4.7.5 - Alternative Benefits and Consequences
	4.7.6 - Alternative Education and Recommendations

	4.8 - Design Features of the Proposed Improvements
	4.8.1 - Geometric Design Elements
	4.8.2 - Intersection
	4.8.3 - Railroad-Highway Crossings
	4.8.4 - Drainage
	4.8.5 - Geotechnical
	4.8.6 - Pavements
	4.8.7 - Structures
	4.8.8 - Right-of-Way
	4.8.9 - Access Management
	4.8.10 - Utilities
	4.8.11 - Permits
	4.8.12 - Construction Considerations
	4.8.13 - Environmental Features and Concerns
	4.8.14 - Design Exceptions
	4.8.15 - Cost Estimates

	4.9 - Implementation
	4.9.1 - Preliminary Design Review
	4.9.2 - Program Requirements
	4.9.3 - Stage Construction

	4.10 - Documentation
	4.10.1 - Preliminary Engineering Study Report
	4.10.2 - Environmental Document
	4.10.3 - Development Required for Final PS&E

	4.11 - Division Supplements
	4.11.1 - EFLHD Supplements
	4.11.2 - CFLHD Supplements
	4.11.3 - WFLHD Supplements


	Chapter 5 - Surveying and Mapping
	Chapter 5 - Appendix A 
	Chapter 6 - Geotechnical
	6.1 - General
	6.2 - Guidance and References
	6.2.1 - General References
	6.2.2 - Geology, Landslides and Field Procedures
	6.2.3 - Structures and Foundations
	6.2.4 - Material and Pavement Design
	6.2.5 - Subsurface Drainage
	6.2.6 - Computer Programs

	6.3 - Investigation Process
	6.3.1 - Geotechnical Equipment
	6.3.2 - Planning Geotechnical Investigations
	6.3.3 - Drilling and Sampling
	6.3.4 - Geophysical and In-Situ Tests
	6.3.5 - Laboratory Tests

	6.4 - Geotechnical Analysis
	6.4.1 - Roadway Soils 
	6.4.2 - Structure Foundations
	6.4.3 - Retaining Walls
	6.4.4 - Pavement Design
	6.4.5 - Material Sources
	6.4.6 - Landslide Analysis
	6.4.7 - Subsurface Drainage

	6.5 - Approvals
	6.6 - Geotechnical Reports
	6.6.1 - Report Structure and Outline
	6.6.2 - Checklists
	6.6.3 - Standard Forms

	6.7 - Division Supplements
	6.7.1 - EFLHD Suppplements
	6.7.2 - CFLHD Supplements
	6.7.3 - WFLHD Supplements


	Chapter 7 - Hydrology/Hydraulics
	7.1 - General
	7.1.1 - Highway Designer's Responsibilities
	7.1.2 - Hydraulic Engineer's Responsibilities
	7.1.3 - General Design Criteria

	7.2 - Guidance and References
	7.2.1 - Applicable Laws
	7.2.2 - Federal-Aid Policy Guide (FAPG)
	7.2.3 - FHWA Technical Advisories
	7.2.4 - AASHTO Guidelines
	7.2.5 - Agency Agreements and Standards
	7.2.6 - AASHTO Model Drainage Manual (MDM), 1999
	7.2.7 - Technical References

	7.3 - Roadway Hydraulics
	7.3.1 - Roadway Hydraulics
	7.3.2 - Ditches and Open Channels
	7.3.3 - Culverts
	7.3.4 - Roadway Drainage
	7.3.5 - Storm Sewer Design
	7.3.6 - Bridge Deck Drainage
	7.3.7 - Stormwater Management
	7.3.8 - Erosion Control

	7.4 - River Hydraulics
	7.4.1 - References
	7.4.2 - Design Criteria
	7.4.3 - Bridge Versus Culvert
	7.4.4 - Hydraulic Models
	7.4.5 - Hydraulic Analysis
	7.4.6 - Scour Analysis
	7.4.7 - Flood Plain Encroachment

	7.5 - Approvals
	7.6 - Reporting and Documentation
	7.6.1 - Open Channels
	7.6.2 - Culverts
	7.6.3 - Roadway Drainage
	7.6.4 - Bridge Waterways

	7.7 - Division Procedures
	7.7.1 - CFL Procedures
	7.7.2 - EFL Procedures
	7.7.3 - WFL Procedures

	7.8 - Investigation Process
	7.8.1 - Field and Aerial Survey
	7.8.2 - Water Resource System Characteristics


	Chapter 8 - Safety and Traffic Design
	8.1 - General
	8.1.1 - Safety Philosophy
	8.1.2 - Safety Design Policy
	8.1.3 - Roadway Safety
	8.1.4 - Roadside Safety

	8.2 - Guidance and References
	8.3 - Investigation Process
	8.3.1 - Crash Data
	8.3.2 - Traffic Safety Studies

	8.4 - Safety Analysis and Design
	8.4.1 - Crash Analysis
	8.4.2 - Existing Site Conditions Analysis
	8.4.3 - Existing Geometric Controlling Features Analysis
	8.4.4 - Evaluation of Pedestrian/Multi-Modal Facilities
	8.4.5 - Safety Evaluation Computer Programs
	8.4.6 - Road Safety Audits
	8.4.7 - Safety Evaluation Report

	8.5 - Safety Design
	8.5.1 - Design Exceptions
	8.5.2 - Defining the Clear Zone
	8.5.3 - Traffic Barriers
	8.5.4 - Crash Cushions and End Treatments
	8.5.5 - Temporary Traffic Control (TTC)
	8.5.6 - Traffic Calming
	8.5.7 - Evaluation of the Design for Weather Conditions

	8.6 - Traffic Analysis
	8.6.1 - Traffic Demand
	8.6.2 - Highway Capacity

	8.7 - Traffic Design
	8.7.1 - Signing and Delineation
	8.7.2 - Intersection Approach Design
	8.7.3 - Auxiliary Lane Design
	8.7.4 - Pedestrian Facilities
	8.7.5 - Bicycle Facilities
	8.7.6 - Parking Facilities
	8.7.7 - Traffic Signals
	8.7.8 - Illuminations
	8.7.9 - ITS

	8.8 - Reserved
	8.9 - Reserved
	8.10 - Division Procedures
	8.10.1 - EFLHD Procedures
	8.10.2 - CFLHD Procedures
	8.10.3 - WFLHD Procedures


	Chapter 9 - Highway Design
	9.1 - General
	9.1.1 - Role of the Designer
	9.1.2 - Design Requirements and Standards
	9.1.3 - Exceptions to Design Standards
	9.1.4 - Design Phihlosophy and Context Sensitive Solutions

	9.2 - Guidance and References
	9.2.1 - Standards of Practice
	9.2.2 - Guidance

	9.3 - Geometric Design
	9.3.1 - Geometric Design Controls
	9.3.2 - Aesthetic Considerations
	9.3.3 - Horizontal and Vertical Alignment Relationships
	9.3.4 - Combinations of Design Elements and Features
	9.3.5 - Horizontal Alignment
	9.3.6 - Vertical Alignment
	9.3.7 - Sight Distance
	9.3.8 - Geometric Cross Section
	9.3.9 - Miscellaneous Roadway Widening
	9.3.10 - Medians
	9.3.11 - Curbs
	9.3.12 - Roadside Design Considerations
	9.3.13 - Foreslopes
	9.3.14 - Design of Intersections
	9.3.15 - Railroad-Highway Grade Crossing
	9.3.16 - Pedestrian Considerations and Facilities
	9.3.17 - Bicycle Considerations and Facilities
	9.3.18 - Parking Lot Layout Considerations

	9.4 - Resurfacing, Restoration and Rehabilitation (RRR) Design
	9.4.1 - Application of Design Standards
	9.4.2 - Evaluation of Existing Geometric Design
	9.4.3 - Improvement of Roadside Conditions
	9.4.4 - Improvement of Traffic Operations
	9.4.5 - Evaluation of Design Consistency
	9.4.6 - Correcting Maintenance and Durability Problems
	9.4.7 - Mitigation of Substandard Design Features

	9.5 - Other Highway Design Elements
	9.5.1 - Earthwork Design
	9.5.2 - Slope Treatments
	9.5.3 - Earth Retaining Structures
	9.5.4 -  Landscaping and Restoration of Vegetation 
	9.5.5 - Drainage Design
	9.5.6 - Soil Erosion and Sediment Control
	9.5.7 - Parking and Rest Areas
	9.5.8 - Roadway Appurtenances
	9.5.9 - Right-of-Way and Utility Considerations
	9.5.10 - Environmental Protection and Enhancements

	9.6 - Plans Specifications and Estimate (PS&E) Development
	9.6.1 - PS&E Package
	9.6.2 - Construction Considerations
	9.6.3 - Alternative PS&E Development and Contracting Options
	9.6.4 - PS&E Development at Various Stages of Design
	9.6.5 - Reviews
	9.6.6 - Plans
	9.6.7 - Supporting Information
	9.6.8 - Computation of Construction Schedule and Contract Time
	9.6.9 - Engineer's Estimate
	9.6.10 - Specifications
	9.6.11 - Contract Assembly

	9.7 - Division Supplements
	9.7.1 - EFLHD Supplements
	9.7.2 - CFLHD Supplements
	9.7.3 - WFLHD Supplements


	Chapter 10 - Structural Design
	10.1 - General
	10.1.1 - Bridges
	10.1.2 - Special Designs

	10.2 - Guidance and References
	10.2.1 - Professional Assistance
	10.2.2 - Design Specifications and Guidelines
	10.2.3 - Design Examples
	10.2.4 - Technical References

	10.3 - Investigation
	10.3.1 - Bridge Site Plans
	10.3.2 - Hydraulic Analysis
	10.3.3 - Geotechnical Investigations
	10.3.4 - Bridge Inspection Program
	10.3.5 - Deck Survey
	10.3.6 - RRR Bridges
	10.3.7 - Field Reviews

	10.4 - Design Process
	10.4.1 - General Features
	10.4.2 - Loads
	10.4.3 - Decks, Rails, Deck Joints and Drains
	10.4.4 - Rail Design
	10.4.5 - Deck Joint Design
	10.4.6 - Reinforced Concrete Design
	10.4.7 - Structural Steel Design
	10.4.8 - Prestressed Concrete
	10.4.9 - Timber
	10.4.10 - Bearings
	10.4.11 - Foundations and Substructures
	10.4.12 - Retaining Wall Design

	10.5 - Approvals
	10.5.1 - Bridge TS&L
	10.5.2 - Design Standard and Exceptions
	10.5.3 - Plans, Specifications and Estimate

	10.6 - Standard Format
	10.6.1 - Plans
	10.6.2 - Specifications
	10.6.3 - Estimate

	10.7 - Division Procedures
	10.7.1 - EFLHD Procedures
	10.7.2 - CFLHD Procedures
	10.7.3 - WFLHD Procedures


	Chapter 11 - Pavements
	11.1 - General
	11.2 - Guidance and References
	11.3 - Division Supplements
	11.3.1 - EFLHD Supplements
	11.3.2 - CFLHD Supplements
	11.3.3 - WFLHD Supplements


	Chapter 12 - Right-of-Way and Utilities
	12.1 - General
	12.2 - Guidance and References
	12.2.1 - Federal-Aid Policy Guide (FAPG)
	12.2.2 - Federal Law and Regulations
	12.2.3 - Right-of-Way Project Development Guide
	12.2.4 - FHWA Division Right-of-Way Operations Manual
	12.2.5 - State DOT Right-of-Way Operations Manuals
	12.2.6 - State Requirements
	12.2.7 - Memorandums of Agreement
	12.2.8 - Forest Highways
	12.2.9 - Project Agreements
	12.2.10 - Other Guidance and References

	12.3 - Private Property
	12.3.1 - Research
	12.3.2 - Appraisal
	12.3.3 - Acquisition
	12.3.4 - Airspace Guidelines
	12.3.5 - Right-of-Way Certification
	12.3.6 - Environmental Considerations
	12.3.7 - Context Sensitive Solutions (CSS)
	12.3.8 - Right-of-Way Complaints

	12.4 - Federal Land
	12.4.1 - Federal Land Transfers
	12.4.2 - Special Use Permits

	12.5 - Tribal Government Right-of-Way Issues
	12.5.1 - Indian Reservation Road Program
	12.5.2 - BIA Right-of-Way Procedures
	12.5.3 - Tribal Protocol

	12.6 - Utilities
	12.6.1 - Accomodation of Utilities
	12.6.2 - Utility Coordination
	12.6.3 - Utility Agreements and Responsibility for Utility Relocation
	12.6.4 - Location of Utilities
	12.6.5 - Retention of Existing Facilities
	12.6.6 - Aesthetic Controls
	12.6.7 - Utility Installations on Highway Structures
	12.6.8 - Overhead Power and Communication Lines
	12.6.9 - Underground Electric Power and Communication Lines

	12.7 - Railroads and Other Entities
	12.7.1 - Railroad Agreements
	12.7.2 - Irrigation and Drainage Pipes, Ditches and Canals

	12.8 - Documents
	12.8.1 - Establishing Proposed Right-of-Way Limits
	12.8.2 - Right-of-Way Plans
	12.8.3 - Coordination of Format with Acquisition Agency
	12.8.4 - Right-of-Way Plans for National Forest Lands
	12.8.5 - Right-of-Way Records
	12.8.6 - Right-of-Way Annual Statistical Reports

	12.9 - Division Supplements
	12.9.1 - EFLHD Supplements
	12.9.2 - CFLHD Supplements
	12.9.3 - WFLHD Supplements


	Chapter 13 - Design Feedback
	13.1 - General
	13.2 - Guidance and References
	13.2.1 - Federal-Aid Policy Guide (FAPG)
	13.2.2 - Federal Lands Highway Manual (FLHM)
	13.2.3 - FHWA Construction Manual

	13.3 - Feedback Procedures
	13.3.1 - PS&E Review and Improvement Process
	13.3.2 - Active Construction Projects
	13.3.3 - Post Construction

	13.4 - Monitoring
	13.5 - Division Supplements
	13.5.1 - EFLHD Supplements
	13.5.2 - CFLHD Supplements
	13.5.3 - WFLHD Supplements




	Text1: 


